Recent studies have demonstrated that oxygen desaturation occurs during sleep in some patients with chronic obstructive pulmonary disease (COPD). The degree of sleep hypoventilation in COPD may be related to an inadequate chemical c o n h l of ventilation. To investigate this relationship, we compared maximal s l k p changes in arterial oxygen saturation (SaO,) with the hypercapnic and hypoxic ventilatory control during wakefulness in 24 patients with E pisodes of abnormal breathing and of arterial oxygen desaturation have been reported to occur during sleep both in normal subjects' and in patients with chronic obstructive pulmonary disease (COPD). 2-5 In addition, severe hypoxemia during sleep and reduced ventilatory responses to hypercapnia and hypoxia during wakefulness have been noted in these patientsB8 Therefore, ventilatory drives are presumed to be important in maintaining ventilation during sleep.
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Disagreement, however, exists in the relationship between awake ventilatory responses to chemoreceptor stimulation and sleep-related falls in arterial oxygen saturation. Fleetham et ale have reported that the maximal nocturnal change in oxygen saturation is negatively correlated with the hypercapnic ventilatory response (HCVR) in all sleep stages, but hypoxic ventilatory response (HVR) is not. On the other hand, Littner et all0 have shown that both HCVR and HVR are inversely correlated with the magnitude of desaturation during sleep.
Because of discrepancies in the results of earlier studies, we further investigated these relationships.
METHODS
tively. The patients with FEV,% less than 70 percent were defined as COPD. Most COPD patients were being treated with awide variety of medications including theophylline derivatives, inhaled bronchodilators, and antimicrobials that were administrated throughout the study. Patients being treated with progesterone or any similar compound were not accepted in the study. Furthermore, patients being treated with oxygen and those with a sleep apnea syndrome were excluded from this study. At the time of the study, all subjects were clinically in a stable state. Sleep studies, studies of ventilatory control, pulmonary function tests, and arterial blood gas analyses were conducted within a seven-day period. Informed consent was obtained from each subject before the study. M patients were monitored in a quiet darkened room on two consecutive nights, and data from the first familiarization night were discarded. Electroencephalogram (EEG), electrooculogram (EOG), and submental electromyogram (EMC) were recorded on a polygraph with sleep stages determined by the criteria of Rechtschaffen and Kales." Rib cage and abdominal motion and nasal flow were measured by an inductance plethysmograph and a thermistor, respectively. Apnea was defined as cessation of flow at the nose for at least 10s. Oxygen saturation was continuously monitored with an ear oximeter. We defined the value of oxveen saturation as the mean of , . , the maximum and the minimum every 30 seconds, and evaluated the desaturation episodes with more than 4 percent in comparison with the baseline level of oxygen saturation. On the other hand, we detected the maximal peak fall in oxygen saturation as its own valve, not as the mean value both in NREM sleep and in REM sleep In this study, we did not adopt the maximal peak fall which was associated with sleep apnea. All respiratory variables were recorded on a multichannel recorder.
The chemical control of breathing was studied during daytime wakefulness with the subject seated. Hypercapnic ventilatory response (HCVR) was measured in the 2.4 subjects and hypoxic ventilatory response (HVR) was measured in the 16 subjects.
The HCVR was determined by Read's rebreathing methodu in the subjects with a sitting position. After full expiration, 5 to 6 L of 7 to 9 percent CO, in 0, mixture was started to rebreathe through a closedcircuit system containing a low-resistance one-way valve (Lloyd valve). Occurrence of the alveolar plateau in the end-tidal Pco, recording was confirmed to exist at the beginning. &breathing was usually terminated within 3 to 4 minutes.
The HVR was measured by a progressive hypoxia test.'," The subjects rebreathed in a closed-circuit connected to a bag containing 6 to 8 L of room air. In the closed circuit, a container of CO, absorber was also connected by a bypass. In the beginning, all the expired gas was passed through the CO, absorber and the proper amount of 0, from a cylinder was introduced in the closed circuit so that end-tidal PCO, and PO, (PetCO, and Pet03 were maintained at the resting PetCO, and PetO,, respectively. Then 0, supply was shut, and PetO, was gradually decreased at a rate of about 10 mm Hg/min while PetCO, was maintained constant by adjusting the rate of bypass flow. Oxygen saturation (SaOJ was also continuously measured by an ear oximeter. Ventilatory drive will be modified by severe hypoxia; therefore, we set the limitation of SaO, range within which the measurement should be conducted. Accordingly, care was taken that SaO, did not drop lower than 65 percent.
The resistance of the circuit in the unloaded condition was 0.5 cm H,DL-ls-' at a flow rate of 1.0 Les-' and had a linear pressure flow characteristics up to a flow rate of 3.0 Les-'. Respiratory flow was detected by a hot-wire fldwmeter and tidal volume (VT), inspiratory duration (TI), expiratory duration (TE), and total respiratory duration (TT) were electrically displayed by an analog calculator from the flow signal. PetCO, and PetO, were continuously recorded by a rapid response analyzer. During the course of CO, rebieathing and progressive hypoxia, inspiratory line was shut 8 to 15 times from the expiratory period to beginning inspiration by using a magnetic valve. Thus, the mouth occlusion pressure at 0.2 sec (P0.2) after the start of inspiration was determined by use of a differential pressure transd~c e r .~ Inspiratory minute ventilation (VI) was determined as the average of the three successive breaths preceding the one utilized for occlusion. All the measured variables were fed into a signal processor and CO, and hypoxic response lines were analyzed on line. The CO, response was evaluated by the slopes of linear regression between VI and PetCO, as well as between mouth oylusion pressure (PoJ and PetCO,. The former was defined as AVdAPco,, and the latter Individual results of lung function tests, arterial blood gas data, the baseline level of SaO, which was measured with the ear oximeter, and hypercapnic and hypoxic responses are shown in Table 1 .
When all the patients were treated as one group, the mean FEV,% and %VC were 50 percent and 67 percent, respectively. The mean PaO, and PaCO, were 70 mm Hg and 44 mm Hg, respectively. (p<0.01), whereas the relation between the SaO, charige and AVIIAS~O, was borderline significance (0.05<p<0.1) (Fig 3) . Occlusion pressure ksponse to CO, and hypoxia was not significantly related to the maximal SaO, change in NREM sleep. Maximal desaturation during NREM sleep occurred either in stage 1 or in stage 2.
The change in maximal sleep desaturation was inversely correlated with the value of awake baseline SaO, (p<0.01) (Fig 4) . However, awake SaO, was not significantly related to all the ventilatory and occlusion pressure responses to CO, and hypoxia. ' Ihe maximal change in SaO, from the awake to the asleep was negatively wrrelated both with ventilatory response to CO, (p<0.001) and with occlusion pressure response to CO, (p<0.01) (Fig 1) . Furthermore, it was also negatively correlated both with ventilatory response to hypoxia (p<0.01) and with occlusion pressun response to hypoxia (p<0.05) (Fig 2) . However, it was not significantly correlated either with percent VC or with FEV,%. As for the relationships between the maximal change in SaO, during NREM sleep and ventilatory responses, the relation between the SaO, change and AV~APCO, was negatively significant We demonstrated in this study that both HCVR and HVR during wakefulness were negatively correlated with the magnitude of maximal desaturation in REM sleep, and only ventilatory response to hypercapnia was negatively correlated with that in NREM sleep in patients with COPD. In addition, we showed that the value of baseline saturation was negatively related to Previous studies have demonstrated that a number of important changes in ventilatory mechanisms were derived in sleep. During NREM sleep, both the HCVR and the eucapnic HVR were red~ced.'~," Particularly, marked diminution in these ventilatory drives were noted during REM ~leep.'~"The degree in the decrement of chemical drive from wakefulness to REM sleep in patients with COPD is unknown, but it might be possible that the patients who have greater chemical drive during wakefulness show greater drive even when asleep.
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Apart from the chemical ventilatory control, there are other variables that might contribute to the magnitude of oxygen desaturation during sleep in the patients with COPD. These variables included, for example, diminished arousal responses,'' ventilationperfision inequality,'@ and the level of baseline saturation in the oxygen-hemoglobin dissociation curve. It must be taken into account that a given decrement in alveolar ventilation will result in a greater decrease in oxygen saturation than in the normoxemic subjects, when the patients are hypoxemic with waking arterial 0, tensions near the steep portion of the oxyhemoglobin dissociation curve. Our finding of the negative correlation between the baseline saturation level and the magnitude of maximal sleep desaturation was consistent with the results of Fleetham et al.e It is well known that a number of profound changes in ventilatory mechanisms occur during REM sleep such as reduction of intercostal muscle activity with decreasing the functional residual capacity,"." diminished arousal respiratory stimuli,ls and decreased responses to normal metabolic stim~li.'~." Consequently, the maximal sleep desaturation and most of the desaturation episodes have been reported to occur during REM sleep in patients with COPD. In agreement with the previous studies, we found that 203 of 223 desaturation episodes with more than 4 percent and the maximal sleep desaturation were seen during REM sleep. It is also commonly accepted that upper airway muscle activity is decreased in REM sleep.* In this study, however, we excluded one patient who had the desaturation episodes accompanied by obstructive sleep apneae3 in REM sleep, since this represents a separate disease process involving upper airway obstruction rather than hypoventilation. This finding is in accord with the report of Catterall et al" that episodes of profound transient hypoxemia due to sleep apnea were rare in the patients with COPD. We did not adopt the maximal desaturation which was associated with sleep apnea both in REM sleep and in NREM sleep since the relationship between sleep desaturation accompanying hypoventilation and chemical control were investigated in this study.
Although the further observation of chemical drive during REM sleep seems to be necessary in patients with COPD, we demonstrated the negative correlation between awake chemical drive and the degree of desaturation in REM sleep. It appears that this association may reflect a dysfunction of the chemoreflex mechanism secondary to repeated severe episodes of nocturnal hypoxemia. Furthermore, this attenuated chemoreceptor function may be similar in origin to HVR that is depressed in nonnative residents of high altitude, associated with milder depression of HCVR, and the degree of depression which is a function of the length of time spent at high altitude.= Unlike the results obtained by Fleetharn et al,8 we found the negative correlation between HVR and the maximal sleep desaturation, which might be expected from the report that chronic hypoxemia can affect the response to both hypercapnia and hypoxia in COPD,6.8 just as in long-term altitude dwellers.= This different result might be due to different subject groups, that is, their subjects were patients with markedly hypoxemic COPD whose mean arterial Po, was below 55 mm Hg, while our subjects had COPD with mild hypoxemia and mean arterial Po, was about 70 mm Hg. Their ventilatory and occlusion pressure response to hypoxia was considerably varied from -0.01 to -0.76 Urnin/% and from -0.04 to -0.39 cm H,O/%, respectively.
We could obtain the strong correlation between the maximal sleep desaturation during REM sleep and HCVR, while the relatively weak correlation was found between the desaturation and HVR. From this result, it might be considered that HCVR was the primary chemical controller and HVR was the secondary determinant for sleep desaturation in patients with COPD. These relationships might also be modified by the familial factors. Previous studies have demonstrated that the hypoxic responses in patients with COPD are positively correlated with the hypoxic responses of their offspring, while the hypercapnic responses of the patients are not related to those of their off~pring.~."
Our results showed that the maximal desaturation in REM sleep correlated much better with ventilatory than occlusion pressure response to hypercapnia, and that the maximal desaturation in NREM sleep correlated only with ventilatory response to hypercapnia. One possible explanation for this result is that sleep desturation might occur because of poorer mechanical function rather than poorer chemoreception, although the maximal sleep desaturation was not significantly correlated either with 96 VC or FEV,%. Furthermore, our results might be influenced by the consistency of the measurement in HCVR and HVR. Although AVI/ APaCO, and AP0.2/APaC02 were comprised of the same number of measured points, P0.2 was determined by only one breath measurement, whereas VI was measured by three successive breaths. Thus, P0.2 data were more susceptible to breath-to-breath variations and would have been exvected to show more scatter. This argument was also supported by the fact that the correlation coefficients between N . 2 and PaCO, was lower than those between VI and PaCO, in our subjects.
In summary, this study demonstrated that HCVR and HVR during wakefulness were negatively correlated with the magnitude of desaturation during REM sleep in patients with COPD. Reduced chemical control might explain the severe desaturation during REM sleep in patients with COPD who are already hypoxemic when awake.
